Background: Acceptance sampling is a statistical tool of quality control. Sampling plans and operating characteristic (OC) curves are very useful for conducting acceptance sampling and provide the quality manager with tools to evaluate the quality of a production run or shipment. There are developed different sampling plans, but common used in practise are single and double acceptance sampling plans. Objectives: The goal of the paper is to test if applying of single and double sampling plan can lead to statistically significant different conclusion about quality level of observed lot. Methods/Approach: Statistical tests of difference in proportions are used to test if there is some statistically significant difference in probabilities of lot fraction defectives between a single and a double sampling plan at the same levels of probability of acceptance. Results: The results of the analysis show that in some cases there is statistically significant difference. Namely, the quality manager should be careful when he chooses to use, instead of the first, the second sampling plan with different parameters because on that way he could make statistically significant different conclusion about quality level of observed lot. Conclusions: The paper shows that some intentional manipulations by using different sampling plans are possible. 
Introduction
An acceptance sampling is one of three major statistical areas which are used for quality control and improvement. An acceptance sampling is a form of testing which involves taking random samples of lots and measuring them against predetermined standards. Depending on kind of production, a lot or a batch can contain one or, in majority cases, more than one raw material, component or final product.
The lot can be inspected immediately following production or before the product is shipped to the customer. From other side, the lots can be inspected as they are received from the supplier. In the first case it is conducted outgoing inspection and in the second case incoming inspection (Montgomery et al., 2011) .
If a supplier's process provides no defective units and no economic justification to make an inspection exists, the lot is accepted without inspection. But when defective units might result in a considerably high failure costs for the buyers, or when it is known that a supplier's processes do not meet a certain level of quality standards, than is a 100% inspection recommended (Montgomery, 2009 ). An acceptance sampling is between those two approaches to the lot inspection and is used only when the samples of lots are inspected. On this way, an acceptance sampling can, in the same time, save resources and ensure that the output of a process confirms to requirements. An acceptance sampling is most useful to conduct when product testing is destructive, very expensive, very time consuming or when product liability risks are significant (Starbird, 1994) .
Because of sampling, it could happen that the lot which has a satisfactory predetermined level of quality will be rejected and that the lot which does not have a satisfactory predetermined level of quality will be accepted. The first situation is known as supplier's risk or α, and the second situation is known as buyer's risk or ß (Wadsworth et al., 2002) .
There are a number of different ways to classify acceptance sampling plans. One of major classification is by variables and attributes (Montgomery et al., 2011) . Variables are quality characteristics which are measured on a numerical scale, and attributes are quality characteristics which are expressed as binary result (e.g. a good-bad lot, go-no go). Acceptance sampling plans for attributes are easier to conduct than acceptance sampling plans for variables. Because of that, acceptance sampling plans for attributes are more common in practice and in this paper focus is on this type of acceptance sampling plans. There are different kinds of acceptance sampling plans for attributes: single, double, multiple, sequential and skip lot sampling plans (NIST/SEMATECH, 2003). Single and double acceptance sampling plans are most used in practice because they are simple to use, and so the main focus of this paper is on these kinds of acceptance sampling plans.
The aim of this paper is to investigate how usage of different acceptance sampling plans could lead to different conclusions and decisions about accepting or rejecting a lot. Both single and double sampling plans in different cases are considered and compared. Parameters for the sampling plans are changed to simulate possible results and conclusions of inspections. The sampling plans are compared at the same level of probability of acceptance. Inference is based on a statistical test for the difference in proportions. When the test shows that the difference is statistically significant, the producer's quality manager could lower quality costs easily by choosing one of the observed sampling plans. The producer's quality manager may choose to use the sampling plan which shows statistically smaller lot fraction of defective units. On that way, the customer could be misleading about the lot. The paper is emphasizing the probability of this fraud and investigates circumstances under which is this possible to do.
Chosen sampling plans
Because of wide and often usage, in the paper are considered single and double sampling plans for attributes only.
Single sampling plan
The simplest types of sampling plans are those which involve a single sample. Such sampling plan is single sampling plan for attributes. This plan is determined with two parameters. The first parameter is the number of random chosen units from the observed lot or n, and the second is the number of defective units which can be tolerated or c. If the lot inspection finds more defective units in the lot than is allowed, the lot will be rejected. If the lot is rejected, there are some possible actions which can the customer undertake. The most rigorous action would be sending the lot back to the producer. But in most cases, next step action is inspecting all units in the lot and replacing defective units with good units. On the other hand, if the lot inspection finds x defective units in the lot, where the x is equal or smaller than c, the lot will be accepted. The way of making this decision is shown in Figure 1 .
Figure 1 Decision Making in a Single Sampling Plan
An operating characteristic (OC) curve is a graphical display of a sampling plan. It describes how well a sampling plan discriminates between good and bad lots (Dumičić, et al., 2006) . Under good lots are meant lots which have satisfactory determined level of quality or lots in which the number of defective units is not greater than the maximum allowed number of defective units. Bad lots are such lots which should be rejected because they do not have expected level of quality. Each sampling plan has a unique OC curve. In Figure 2 is shown the general shape of the OC curve for a single sampling plan. The shape of the OC curve for a single sampling plan is determined with parameters n and c. The OC curve shows the probability that a lot, submitted with a certain fraction defective, will be either accepted, or rejected (Montgomery et al., 2011) . On the x-axis are shown proportions (or probabilities) of defective units which are made in a certain process. These proportions are denoted as p and represent the lot fraction of defective units. On the y-axis are shown probabilities of acceptance of a certain lot. These probabilities are denoted as Pa. In acceptance sampling units for an inspection are chosen randomly and without replacing from a finite population (a finite lot). So the proper way to compute probability of acceptance would be to use the hypergeometric distribution. But if the lot size is large relative to the sample size, the binomial distribution may be used. This approximation is quite satisfactory if the lot size is more than ten times the sample size (Wadsworth et al., 2002) . In other words, if the lot size N is large enough to be declared as infinite, the distribution of the number of defectives x in a random sample of n units will be binomial with parameters n and p. In this case, the probability of observing exactly x defectives is:
where n is the sample size or the number of chosen units for inspection, x is the number of founded defective units in the lot, p is lot fraction defective or assumed process probability to make a defective unit. From that, the probability of acceptance or probability that x is less than or equal to c is:
where n is the sample size or the number of chosen units for inspection, x is the number of founded defective units in the lot, c is maximum allowed number of defective units, p is lot fraction defective or assumed process probability to make a defective unit.
The OC curve contains three specific points which are shown in Figure 2 . These points are the acceptable quality level (AQL), the lot tolerance percent defective (LTPD) and the neutral quality level (Pn). The AQL represents the poorest or minimum level of quality of supplier's process that the buyer would consider to be acceptable as a process average (Montgomery et al., 2011 ). The AQL is base for making a decision of accepting or rejecting the observed lot. Because of sampling, there always exists some probability of rejecting a lot. Even if the supplier's process ensures a smaller lot fraction defective than specified with AQL, this probability will exist. This probability is known as supplier's risk or α risk. There is always the probability that the buyer will accept a lot of poor quality, too. This probability is known as buyer's risk or ß risk. From the other side, the LTPD is the minimum quality level that the buyer is willing to accept. Between the AQL and LTPD points there is an area of indifference. So, there in the point Pn is the neutral quality level. In this point the probability of acceptance and rejecting a lot is equal and it has value of 0.50.
Double sampling plan
In contrast to a single sampling plan, a double sampling plan implies possibility of taking two independent samples of units from the lot. The second sample is formed only when it is necessary. In Figure 3 is shown the way of decision making in a double sampling plan. 
Source: Author's illustration
Like in a single sampling plan, first are taken some units from observed lot for inspection. On that way in a double sampling plan is formed the first sample of n1 units. Because of possibility that one more sample will be formed, the number of units in this sample is usually smaller than the number of units in the sample in a single sampling plan. If the sample size in a single sampling plan is equal to n, it can be written 1 n n > . This difference in sample sizes is a big advantage for a double sampling plan. Because of smaller initial sample size, a double sampling plan needs less resources to conduct it than a single sampling plan. It has to be emphasized that this advantage comes to expression only if is needed to chose just one sample to make a decision. In a double sampling plan there are set two limits of maximum allowed number of defective units. The first limit is denoted as c1 and is known as the acceptance level for the first sample. The second limit is denoted as c2 and is known as the acceptance level for both samples. The first limit is always smaller than the second. Usually is the second limit double bigger than the first one. If the number of defective units which have been found in the first sample is smaller or equal to the first limit, the lot will be accepted. But if the number of defective units which have been found in the first sample is greater than the second limit, the lot will be rejected. In Figure 4 are shown OC curves for these situations. The curve A shows the probability of acceptance on the first sample and is calculated as
The curve B describes the probability of not rejecting the lot on the first sample and is calculated as
The difference between the two curves is the probability of taking a second sample. If the number of defective units found in the first sample is bigger than the first limit simple but not bigger than the second limit, a decision cannot be made. In this case, the second sample of n2 units from the lot has to be formed. Usually the second sample size is equal to the first sample size or is twice as the first. The number of founded defective units in the second sample, which is denoted as x2, is added to the number of founded defective units in the first sample and then is compared to the second limit. If the overall number of defective units in both samples together is found to be equal to or smaller than the second limit, then the lot will be accepted. But if the overall number of defective units in both samples together is found to be bigger than the second limit, then the lot will be rejected. The OC curve which represents this situation is shown in Figure 4 and is denoted as curve C. The curve C is the final curve and describes the probability of acceptance for the double sampling plan. It can be calculated as sum probabilities of acceptance on the first and second samples or as
The probability of acceptance on the first sample ( I a P ) includes probability for 
Data, methods and analysis

Data and methods
Because of examining different possible situation in a practice, in this paper it will be used different sample sizes and maximum allowed numbers of defective units in a lot. On this way it will be possible to compare probabilities of acceptance and rejection of a lot between a single and a double sampling plan. Precisely, it will be tested if there is some statistically significant difference in probabilities of lot fraction defectives between these two sampling plans at the same levels of probability of acceptance. If there will be found a statistically significant difference, it would be interesting to identify conditions under which that happened. The existing of a statistically significant difference in probabilities of lot fraction defectives implies existing of statistically significant possibility of making different conclusion about a lot using a simple or a double sampling plan.
The OC curves will be used to identify probabilities of lot fraction defectives. Necessary calculations for construction the OC curves will be made in Excel 2007. Probabilities of lot fraction defectives will be observed at three values of probability of acceptance. These values of probability of acceptance are 0.10, 0.50 and 0.95. The first value represents the ß risk, the second equal probability of accepting and rejecting a lot, and the third value represents the α risk of 5%. A conclusion about existence of any significant difference between the compared lot fraction defectives in a single versus a double sampling plan at these selected probabilities of acceptance is reached using the test for differences in the two proportions.
It is assumed that the observed lot contains a large number of a certain product. On this way it is ensured that the selected samples size will contain relatively small number of units so the binomial distribution can be used. Next assumption is that the quality manager considers using a single or a double sampling plan for conducting inspection of the lot. In a single sampling plan parameter n is going to be set at 100, 200 and 300 units. The second parameter in a single sampling plan or c is going to be set at 0, 2, 4, 6, 8 and 10. A double sampling plan is defined with four parameters. As values of the first sample size n1 it is going to be taken values 50, 100 and 150. The same sample sizes are going to have the second sample n 2 , too. The acceptance level for the first sample or c 1 is going to be set at 0, 2, 4, 6, 8 and 10. Because the acceptance level for the second sample has to be greater than the acceptance level for the first sample, the values of c 2 are set at values 2, 4, 8, 12, 16 and 20.
In the first step is going to be calculated necessary data for constructing OC curves for each selected sample size. For a double sampling plan it will be construct A and B curves, too. In the second step values of probabilities of lot fraction defectives for selected values of probability of acceptance are taken. In final analysis the probabilities of lot fraction defectives are compared between a single and double sampling plan for each different sample size combination using the test for differences in the two proportions.
Analysis
The OC curves of the single and the double sampling plans for different sample sizes at selected levels of maximum allowed number of defective units are shown in Figure 5 . It can be noticed that the greater the maximum allowed number of defective units is the further the OC curves are from the y-axis. So, for the same value of lot fraction defective, with rising the maximum allowed number of defective units, rises the probability of acceptance, too. But if the maximum allowed number of defective units is kept on the same value and the sample size are rising, the OC curves are closer to the y-axis or the smaller values of defective units at the same probabilities of acceptance are allowed. In Figure 5 next to the OC curves tables with calculated lot fraction defectives p for given the maximum allowed number of defective units or c and the probabilities of acceptance P a are shown. The data in the tables confirm conclusions which have made with comparing the OC curves. Next to a single sampling plan which has been observed through the three cases of a single sampling plan which differ in a sample size each with six different levels of the maximum allowed number of defective units, a double sampling plan was observed on similar way, too. There are examined five cases of a double sampling plan. In the first case the sample sizes are equal and the samples contain 50 units for inspection. The second case assumes that the second sample is twice bigger than the first. So, in this case sample sizes are n 1 =50 and n 2 =100. In the third case the size of the first sample is doubled and sample sizes are n 1 =100 and n 2 =100. In the forth case sample sizes are n 1 =100 and n 2 =150, and in the fifth case they are n 1 =150 and n2=150. In each case are used the same values of maximum allowed number of defective units. Like in a single sampling plan here are used with six different levels of the maximum allowed number of defective units, too. The values of the maximum allowed number of defective units which are used in a double sampling plan are respectively: c 1 =0, c 2 =2; c 1 =2, c 2 =4; c 1 =4, c 2 =8; c 1 =6, c 2 =12; c 1 =8, c 2 =16; c 1 =10, c 2 =20. On basis mentioned values of parameters, elements of curves A, B and C are calculated. But of interest to compare with an OC curve in a single sampling plan here is only curve C which is known as OC curve of a double sampling plan. Curves A and B are known as auxiliary curves and they are calculated on the same way as the OC curve in a single sampling plan so there is no interest of comparing them. In Figure 6 are shown OC curves of a double sampling plan for each observed case and next to them are tables with calculated lot fraction defectives p for given the maximum allowed number of defective units c 1 and c 2 and the probabilities of acceptance P a .
After the lot fraction defectives had been calculated for simple and double sampling plan at chosen probabilities of acceptance and for chosen values of the maximum allowed number of defective units, tests for differences between two proportions were conducted. The tests which were conducted compared lot fraction defectives between single and double sampling plan for each combination of the maximum allowed number of defective units at the chosen sample sizes. For purposes of testing the first proportion was taken from a single sampling plan, and the second from a double sampling plan. In fact, proportions are the lot fraction defectives taken from both sampling plans at the same levels of probabilities of acceptance. The null hypothesis states that the lot fraction defective is equal in a single and a double sampling plan at the same of probabilities of acceptance. The alternative hypothesis assumes that there is a statistically significant difference between the lot fraction defectives for the same level of probabilities of acceptance between both sampling plans.
In Tables 1, 2 and 3 results of the tests conducted at level of probabilities of acceptance of 0.95, 0.50 and 0.10 are shown. As the value of the α level in the tests is used 0.05. According to that the table limit z value for non-rejecting the null hypothesis is 1.96. In the tables values which are equal or smaller than 1.96 are written in bold. So, the bolded values are showing under which conditions the null hypothesis can not be rejected. In other words, the bolded values are pointing to the situations under which can be concluded that there is no statistically significant difference between simple and double sampling plan in lot fraction defectives for given the maximum allowed number of defective units, and the probabilities of acceptance. The tests have shown that if the sample size in a single sampling plan is greater than the sample sizes in a double sampling plan, in vast cases can be concluded that there is statistically significant difference in lot fraction defectives between these two sampling plans. This can be easily seen in cases when the sample size in a single sampling plan is n=300 and the sample sizes in a double sampling plan are n1=n2=50. With the decreasing the sample sizes in a single sampling plan, the number of cases of non-rejecting the null hypothesis is increasing. In the same time, with the decreasing the sample sizes in a single sampling plan, the space of non-rejecting the null hypothesis is moved diagonally from top right corner to down left corner. That shows that the null hypothesis are not rejected for smaller the maximum allowed number of defective units in a single sampling and for bigger the maximum allowed number of defective units in a double sampling plan. If the maximum allowed numbers of defective units are observed, it can be concluded that in most cases when the maximum allowed numbers of defective units or c in a single sampling plan is equal to the acceptance level for the first sample or c1 in a double sampling plan, the null hypothesis cannot be rejected. These conclusions are valid for all observed probabilities of acceptance.
Discussion and Conclusion
Using different sample sizes and maximum allowed numbers of defective units in a lot and a test for the difference in proportions, this paper indirectly analyses the probability of acceptance of lots when using a single or a double acceptance sampling plan. Directly paper analyses if there under defined conditions exist statistically significant difference between probabilities of lot fraction defectives between these two sampling plans at the same levels of probability of acceptance. If there is statistically significant difference in the probabilities of lot fraction, it can be concluded that these is statistically significant difference in the probabilities of acceptance also. That would mean that there is space for possible frauds on quality level of lots by insisting on use specified sampling plan rather than other sampling plan under some different parameters.
The conducted tests have shown that there is possibility of fraud using a single or a double sampling plan. This comes to the expression especially when the sample size in a single sampling plan is much greater than the sample sizes in a double sampling plan. Because of that to prevent possible frauds, the quality manager should keep on mind not to selected too small initial sample size in a double sampling plan. Next conclusion is that when the maximum allowed numbers of defective units in a single and in a double sampling plan are kept in the same proportion to the sample sizes, in most cases there was showed no statistically significant difference in lot fraction defectives between these two sampling plans.
The main limitation of this study is considering only six different levels of the maximum allowed number of defective units. There are far more different levels and combinations of that in practice. Because of that the results could be different as there appear in the analysis.
In further studies, we suggest using inverted approach to the problem. That would mean that the lot fraction defectives would be fixed at some levels and the difference of probabilities of acceptance in a single and in a double sampling plan would be tested. This analysis should confirm here given results and conclusions.
